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In our various experimental studies ( I )  Of the changes in the blood 
that follow, in the dog, the removal of the spleen, we have been im- 
pressed  by  the  wide  variation  in  the  degree  of  anemia.  In  the 
severer forms of anemia the changes are marked, as,  for example, a 
drop  in  red  cells  from  5,1oo,ooo  to  2,97o,ooo  and  in  hemoglobin 
from  lO5  to  50  per cent in  five weeks;  in  a  milder  form,  the  red 
cells  may  not  fall  below  4,ooo,ooo  to  4,SOO,OOO, with  a  decrease 
in  hemoglobin to  65  or  75  per  cerrt.  Most  of  the .animals  show 
changes  corresponding  roughly  to  one  or  the  other  of  these 
types.  There remains, however, a  relatively small group in which 
the changes are very slight,  representing a  decrease of  only about 
I,OOO,OOO red  cells  and  only  io  to  15  per  cent  of  hemoglobin. 
These slighter changes,  falling sometimes within the limit of error 
of  the  methods  of  blood  counting,  led  us  to  ask  ourselves  the 
question:  May there not be some  factor other than the absence of 
the  spleen  that  aids  in  producing  the  severer  forms  of  anemia? 
That the absence of the spleen is  the main factor there  can be no 
doubt,  for even in the milder forms the slight changes usually cor- 
respond  to  the  period  (three  to  six  weeks)  in  which the  severer 
anemias reached their lowest point;  also,  animals  with the  milder 
forms  show  the  same  tendency to  slow  repair  when  a  hemolytic 
agent  is  given,  as  do  the  severer  forms.  There  is,  therefore,  n.o 
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doubt  about  the  removal  of  the  spleen  being  responsible  for a  dis- 
turbance  of  the  mechanism  concerned  in  maintaining  the  normal 
blood  picture.  The  question  remains,  however:  Why  does  the 
degree  of  anemia  vary?  Our  first  thought  was  that  diet  might 
have  some  influence.  Until  the  present  investigation  was  under- 
taken,  all  animals,  except  those  used  in  the  study  of  iron  metabol- 
ism  (2),  had been  kept  upon the same  general  diet;  i.  e.,  a  mixture 
of  meat,  bread,  cereals,  and  vegetables,  in  all  essentials  the  table 
scraps  upon  which  dogs  are  usually  fed.  This  was  always  sup- 
plied  in  abundance  and  each  dog received  all  he  would  eat,  and,  as 
our  records  show  that  dogs  splenectomized  for  periods  of  several 
months  or  a  year  or  more  gained  in  weight  on  this  diet,  we  con- 
sidered  it  perfectly  satisfactory.  However,  we  did  not  know  the 
exact  caloric  value  of  this  mixed  diet  and,  moreover,  as  it  was 
essentially  a  boiled  diet,  it  might  possibly  be  deficient  in  some  sub- 
stance  essential  to the proper  function  of the hemopoietic system. 
In this connection we recalled  (I)  the observations of Asher and Vogel  (3), 
that while an iron-poor diet  (sugar, starch, and lard)  has no effect upon the blood 
picture  in  a  normal  dog,  in  the  splenectomized  dog  on  the  same  diet  a  great 
decrease in number of red cells  and amount of hemoglobin occurs, and  further, 
that if under the latter circumstances an iron-rich  (flesh)  diet is given, the blood 
picture quickly returns  to normal;  (2)  Richet's  (4)  observation that in order to 
maintain  splenectomized dogs at the same weight as normal dogs, a much larger 
quantity of food is necessary; and  (.3) Paton's  (5) conclusion that splenectomy in 
the dog has no influence  either upon the blood picture or the general metabolism. 
The  various  observations  quoted,  with  the  exception  of  Paton's  studies  of 
metabolism,  are  directly  opposed  to  the  results  of  our  studies.  In  regard  to 
Asher and Vogel's contention, we have not found by a direct quantitative study of 
the elimination of iron that splenectomy seriously influences  iron metabolism  (6). 
Moreover,  the  improvement in  the  anemia  which  they describe  as  the result  of 
feeding iron-rich  food corresponds  in  our  opinion to  the  spontaneous  repair  of 
the  anemia  which  usually  begins  about  the  end  of  the  fourth  week.  In  other 
words, the improvement they noticed was in part at least due,  in our opinion, to 
the normal repair and not to the effect of the iron-rich food.  Their conclusions 
would be more convincing if they had prevented entirely or lessened the severity 
of the anemia by beginning the feeding before or immediately after splenectomy 
instead  of  waiting  nearly  three  weeks.  This  phase  of  the  problem  we  have 
investigated  in  our present  study.  Richet's  point,  as  also  Paton's  observations, 
demands  carefully conducted  metabolism  studies  and  these,  carried  out  simul- 
taneously with our dietary studies,  are presented in a separate communication (7). 
Here,  however,  it  may be noted that in the normal animal  we have  found that 
the removal of the spleen  has no influence  upon metabolism.  Moreover, we have 
not seen  noteworthy changes in the weight  of our splenectomized animals.  For 684  Relation  of  Spleen  to  Blood  Destruction. 
a few days after splenectomy, a slight loss may occur, but in all long time experi- 
ments an increase in weight has been observed. 
The studies of  Paton  and  his  associates  as  to  the changes  in the blood after 
splenectomy are  the  most  carefully conducted  of  any  in  the  literature  and  for 
this  reason  we  have  been  greatly  disturbed  that  our  results  were  so  different. 
Their  studies,  however,  were  limited  to  two  splenectomized  animals  and  two 
controls  and  it  may  be  that  by  chance  the  former  correspond  to  the  milder 
anemias  which we observed.  In  this  connection it is  of interest to  note that in 
the splenectomized dog they did obtain a decrease of 6o0,00o to 80o,o0o red cells, 
which,  however,  as  it  occurred  also  in  a  normal  dog  was  not,  by  contrast,  of 
apparent importance.  Moreover, they used puppies,  about two and a half months 
old,  and  it is possible that in such young animals the mechanism of blood regen- 
eration may be more  active than  it is  in  older animals.  Our  observations  were 
all upon  full grown animals.  In  Paton's  blood work  diet is not mentioned, but 
in  his metabolism work the  dogs  were,  for part  of  the  time at least,  on  a  meat 
(high  iron)  diet,  which,  if  used  in  the  blood  work  also,  might  have  been,  if 
Asher and Vogel are correct, a  factor in decreasing the anemia.  Thus it is  evi- 
dent from our own experience and from this brief review of the discordant con- 
clusions  in  the  literature  of  the  subject  that  information  of  value  might  be 
obtained  from carefully controlled dietary  studies.  Such  studies  we present  at 
this time. 
In our first group of experiments, animals were placed on caloric- 
ally sufficient diets,  the protein being  furnished  in the  form  of beef 
heart,  beef  spleen,  or  commercial casein,  and  the  fat  and  carbohy- 
drate  in  the  form  of  lard  and  bread  crumbs.  Beef  spleen  was  in- 
troduced  on account  of  its  large  iron content,  in  contrast  with  that 
TABLE  I. 
Days.  Raw beef heart, lard, and bread. 
Dog 79 (splenectomized).  ]  Dog 83 (splenectomized). 
Weight.  ]  I  '  Red cell  H emo- ,Weightj  Red cell  Hemo- 
count,  i gtot~m. ]  I  count,  i globin. 
Before spleneetomy  ,  kilos 
kilos  /  cen,I  ki,os  I  4!  7'  9.1 
7,930,000  IIO  /  9.3  7,56o,0oo  I14  8.7  17'°°°'°0°  lO7  I2-I8[  7,77o,oool  Io5  26-4oi  IO.O 
After splenectomy  4o-6o  lO.1 
I8-2 3 
26--33, 
38-40 i 
45-48 I 
52-61! 
I 
8.8  7,420,000 i 
7,230,000 I 
6,25o,ooo I 
6,81o,ooo I 
9.8  7,36o,ooo I 
Io.5  6,69o,ooo 
lO.8  6,64o,ooo 
97  8.6 
98 
98  8.6 
96  8,7 
1o4  8.3 
I0O  8,5 
95  8.6 
7,91o,ooo[  105 
7,72o,ooo I  lO3 
6,50o,ooo]  96 
7,27o,ooo i  IOI 
6,880,000[  97 
6,26o,ooo  96 
6,24o,ooo  93 
i  Raw beef heart, lard,  and 
bread. 
Days. --  Dog 81 (control).1 
Red cell  i Herno-  Weight.  count.  I. globin. 
[per cent 
6,320,000  97 
6,65o,ooo  lO2 
6,880,000  96 
6,800,o00  90 
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of the beef heart and the casein.  Several blood examinations  were 
made during a  period of ten days  to two weeks before splenectomy 
and  at  intervals  seldom  exceeding  a  week  after  operation.  All 
operations  were done under ether anesthesia  and  for most  of these 
we are indebted to Dr.  Max M.  Peer of the Department of Surgical 
Research.  The  animals  were  kept  under  absolutely  unifor.m  con- 
ditions.  In  Tables  I,  II,  and  III,  which  show the  results  of  these 
TABLE  II. 
Casein, lard,  and  bread,  j  I  Casein.  lard, and  bread. 
Dog 82  D 
....  t.  ] globin.  ]  ......  [  .... t.  [ globin. I  i ....  !  .... t.  i globin. 
kilos 
I6.7 
5-  7  16.5 
10-14  17.2 
18-23 / 
26-33 L 
38-4o I 
45-48 
52-61  16.9 
Before  splenectomy  i  kilos  !  ,percent 
lpercentl kilos  P  ~:  4-  7  7,42o,oool  92 
ercen,  I  9.X  17,860,OOOi  90 
5,5o0,o00  98  ]r  8.7  7,78o,ooo  98  ii2-18  1 7,020,000  96 
5,55i,ooo  85  ]7,7io,ooo  97  '26-4  °  8.3  7,370,000  96 
4o-60  9.2  ~ 7,i8o,ooo '  io3 
After  splenectorny  i 
4,600,000  75  8.6  7,o9o,ooo i  89 
4,688,000  65  8.8  7,i4o,ooo  92 
4,21o,ooo  76  8.9  . 6,600,000  9 I 
5,I60,ooo  82  9.1  ~ 7,oio,ooo  92 
6,o40,ooo  88  9.2  [ 6,940,000  87 
6,63o,ooo.  9I 
6,060,000  90  9. I  [ 
studies,  only  the  last  two blood  counts  of  the  preliminary  periods 
are given.  These  represent,  usually,  counts made respectively  I  to 
2  and 5 to 7 days before spleneetomy.  As the blood of the several 
dogs  was  not always  examined  at  exactly  the  same  intervals  after 
splenectomy,  in order to shorten the table only enough blood counts 
are given to show the general trend of the blood picture.  The esti- 
mation of iron and of nitrogen in the diet is based on the average of 
several estimations  of the food materials  used.  These  figures with 
a calculation of 'the caloric value of the  food are given  in Table IV. 
Discussion of Tables [, II, and III. 
By comparing  the Tables  I,  II,  and  III  it is at once evident  that 
in  no  instance  did  the  general  nutrition  of  the  animal  suffer.  A 
slight loss of weight occurred after operation,  but this was soon re- 686  Relation  of  Spleen  to  Blood  Destruction. 
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TABLE  IV. 
Nitrogen and Iron Content and  Caloric  Value  of Diets of Tables I, II, and III. 
Dog No. 
79 
83 
8r 
82 
84 
80 
85 
86 
87 
90 
Actual total per day. 
Nitrogen, 
g~/~. 
6.5 
9.8 
6.5 
13.6 
zo.6 
7.4 
4.6 
8.3 
6.8 
4.6 
Iron. 
trig. 
II.8 
18.0 
11.8 
11.3 
9.I 
6.2 
352.0 
653.4 
543.o 
352.0 
Calories. 
7o9 
I,O43 
665 
I,I94 
956 
664 
517 
893 
752 
517 
Nitrogen. 
Per kilo of body weight per day. 
Iron.  Calories. 
gm. 
0.72 
1.17 
0.68 
o.81 
I.I8 
0.82 
0.69 
0.69 
o~68 
0,64 
mg. 
1.31 
mz5 
1.23 
0.68 
I.OI 
o.69 
53.00 
54.00 
54.00 
49.00 
79 
124 
69 
71 
lO6 
74 
77 
74 
75 
72 
gained.  Also  it  is  seen that  in  no instance does a  splenectomized 
dog  maintain  the  same  constant  level  of  red  cell  and  hemoglobin 
content as  do the non-splenectomized animals.  The change, how- 
ever, in Dogs 79, 83, 84, and 87 is so slight as to be within the limit 
of error of the methods of blood examination; in Dogs 82, 85, and. 86 
the change is  more marked, but even here one can hardly refer to 
the condition present as a  frank anemia.  It is,  however, of signifi- 
cance that in all instances the variations are more marked than in the 
controls  and  also  that  they usually occur after about  four  weeks, 
the  period,  in  severe  splenectomy anemia,  marked  by  the  lowest 
counts.  On the other hand, the question arises : Are these favorable 
results due to the diet, that is,  to the general character of the diet 
or to  the presence in the animals on a  meat diet of large amounts 
of iron?  That iron in the diet is  a  factor seems doubtful in  view 
of the fact that two of the three animals  (85 and 86)  fed with beef 
spleen showed the most marked changes of any in the group.  Beef 
spleen was selected because it contains a  large amount of iron, ac- 
cording to our analyses 235 mg. per IOO grams, presumably in large 
part in organic combination and therefore readily utilizable.  Fresh 
beef heart and casein,  on the other hand, contain only 4.6 mg.  and 
7.2 rag. per IOO grams respectively, and if iron is an important fac- 
tor in preventing anemia after splenectomy, one would not expect 
animals  fed with spleen to show the changes evident in the figures 
given  for Dogs 85  and 86;  rather,  one would expect figures as  in 688  Relation  of  Spleen  to  Blood  Destruction. 
Dog 87.  That the administration of abundant organ~ic iron in the 
form of beef spleen did not prevent the anemia is in accord with our 
studies  (8)  of  iron  metabolism in  the  absence of  the  spleen  and 
opposed to the conclusion of A.sher and his associates. 
On the other hand, in view of the slight changes which occurred 
in many of the  animals,  it  is  impossible  to  avoid  the  question as 
to whether a diet, adequate for the normal dog, is in some way in- 
adequate for the splenectomized dog; if so, the value of our views 
concerning the severer types of anemia following splenectomy based 
on our earlier experiments upon dogs  fed on a  general mixed diet 
would depend upon whether or not the inadequacy of diet held for 
all  animals  operated upon,  or  only  for  animals  without a  spleen. 
If anemia occurred in dogs fed on the mixed diet after other oper- 
ations than splenectomy, it would be at once evident that the food, 
while  sufficient  for  a  normal  dog,  was  not  sufficient  for  a  con- 
valescent dog.  On the other hand, if the anemia could be demon- 
strated only after splenectomy, there would be established a  point 
of importance in regard to the spleen in its relation to metabolism, 
and  our  observations on the  anemia after splenectomy would not 
only be  substantiated,  but  would  gain  an  added  importance.  To 
settle this point,  it was essential, therefore, to study in animals on 
our  routine mixed  diet  the  effect of  splenectomy, and  as  a  con- 
trol some other simple operation involving the removal 'of an organ. 
Nephrectomy was  selected as  an  operation  quite analogous,  from 
the  technical point  of  view,  to  splenectomy and  accordingly two 
healthy dogs were placed upon ordinary kennel diet  for seventeen 
days; upon each dog a  nephrectomy was then performed and the 
animal kept on the same diet for twenty-three days longer; splen- 
ectomy was then performed upon each dog and the animals kept on 
the same diet for thirty-eight days more.  Blood counts were made 
at  frequent intervals throughout the experiment.  Whereas during 
the  seventeen days  on  the  diet  before  operation  and  during  the 
twenty-three  days  following  nephrectomy  no  significant  change 
(Table V)  in  the hemoglobin or red blood  cells  was  observed in 
either animal, after the splenectomy both showed a well marked fall 
in hemoglobin and red blood cell count.  It is noteworthy also that 
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TABLE  V. 
Effect  of  Splenectomy  Controlled  by  Previous  Nephrectomy.  Mixed  Diet. 
I  Dog 23. 
Date.  Weight.  I-Iemo-  Red blood count. 
I  _  globin.  [  --- 
kilos  per cent 
May  18..  ]  lO.9  IOO  [  6,840,000 
"  25.  •  lO.9  98  7,240,000 
June  1..  II.O  [  97  ]  6,76o,ooo 
]  Nephrectomy 
Weight. 
kilos 
14.1 
14.o 
14.9 
Dog 42. 
Hemo-  Red blood count. 
globin. 
per cent 
I02  7,81o,o00 
102  7,850,000 
ioi  8,330,o0o 
"  4- •  Nephrectomy 
"  8.  '-  II.I  93  [  6,280,000  14.o  98  ]  7,21o,ooo 
"  15" ' i  11.3  90  6,020,000  x4.6  95  I  7,12o,ooo 
"  25" "l  11.4  97  6,690,000  14.8  97  ]  7,oio,ooo 
I  st  27..  Splenectomy  Splenectorny 
9 ° 
83 
77 
66 
68 
6,600,000 
5,890,O00 
5,74O,OOO 
5,080,000 
4,540,00O 
15.1 
14.9 
14.9 
14.3 
14.2 
July  3- .i  Io.9 
"  IO..  10.8 
"  I8..  :  10.8 
"  27..  I0.4 
Aug.  4.  lO.4 
90  6,840,000 
92  6,83o,ooo 
88  6,480,000 
75  6,060,000 
76  6,35o,ooo 
From  these  observations  four  conclusions  may  be  drawn:  (I) 
that  inasmuch  as  the  animals  did  not  lose  greatly  in  weight,  the 
routine table scrap diet is a satisfactory  food for animals  after sur- 
gical  operations;  (2)  that  on  this  diet  operation  involving  the  re- 
moval  of  an  organ  other  than  the  spleen  does  not  cause  anemia; 
(3)  that the  anemia  following splenectomy  is not to be  explained, 
in  view  of  the  fact  that  the  splenectomized  animals  maintained 
their  average  weight,  by  insufficient  nutrition;  and  (4)  if  the 
anemia  is  in  any  way  related  to  the  diet  it  is  either  (a)  because 
some  toxic  substance  operative  in  the  absence  of  the  spleen  is 
present in this particular  food, or  (b)  because some substance pres- 
ent  in  the  diet  and  normally  utilizable  can  not  be  utilized  in  the 
absence  of  the  spleen.  In  connection  with  this  last  conclusion  it 
occurred to us that as the routine kennel diet is essentially a cooked 
diet it was possible  that in the cooking' there  occurred the destruc- 
tion  by  heat  of  some  vitamine-like  substance  normally  utilized  by 
the spleen.  To control this point a new series of observations  were 
made  (Table VI). 690  Relation  of  Spleen  to  Blood  Destruction. 
TABLE  VI. 
The  Influence  upon  the  Anemia  Following  SpIenectomy  of  a  Raw  and  a 
Cooked  Diet. 
I~°og  "  Diet. 
Cooked 
Before splenectomy. 
.~  .0.2  67 
After splenectomy. 
per 
da:8  kilos  cent 
13.4  99 
25  lO.9  IOO 
24  8.0  99 
41  8.5  lO4 
48  io.81j  Io5 
12I  8.4 ]  88 
weeks  per  kilos  cent 
5,45o,ooo  6th-  9th  I4.o  96 
6,220,000  6th-Ieth  Ie. 4 .  83 
6'I4°'°°° I  8th-12th  8.9  75 
6,9IO,OOO I Ioth-I3th i  8.6  83 
6,760,o00  7th-  9th  11.4 i  77 
6,250,000  6th-Ioth.  7.81  6I 
Food values 
per  kilo of 
body weight. 
.g 
;.9 
gin. 
5,590,o0o  o.41  69 
4,499, ooo  o.46 '  75 
4,92o,o0o  o.74  69 
5,551,000  0.15 I  72 
5,13o,ooo I  0.4o  69 
4,880,o0o  o.4o  73 
Cot  :rols. 
9  Raw 
56*  Cooked 
io8 
121 
11.4 , 
I2.9 
i 
i 
I 
lO2  6,620,000 
(initial 
period)  J 
95  6,59o,ooo 
(final 
period) 
1oo  6,46o,ooo 
(initial 
period) 
88  6,25o,ooo 
(final 
period) 
* This  animal  was  used  first  as  a  control  for  the  cooked  diet  and  later  was 
splenectomized. 
Six animals  were placed  upon  a  calorically  sufficient  diet,  accu- 
rately determined;  the only differences were that  four received raw 
and two cooked meat.  Examination  of the blood was made at inter- 
vals of not longer than  seven days.  At the  same time metabolism 
studies, the results of which are reported elsewhere  (7),  were made 
on some of the animals  (Dogs 48,,52, 56, and 57)-  The diet in each 
of  these  experiments  consisted  of  beef  heart,  lard,  and  sugar,  a 
small amount  of sodium chloride,  and  sufficient bone ash to ensure 
firm  feces•  Details  as  to  nitrogen  content  and  caloric  value  of 
the  food are  given in the table. 
In connection with Table VI, it should be explained that,  in order 
to  place  the  figures  covering  all  animals  in  one  graphic  table,  the Richard M. Pearce, J. Harold Austin, and O. H. Perry Pepper.  691 
counts  given  represent  averages  of  several  examinations.  The 
figures before splenectomy represent the averages of the last three 
counts before operation; the figures after splenectomy the average 
of  the  three  lowest  consecutive counts.  The  figures  for  the  two 
control animals represent the average of the first three and last three 
counts respectively. 
It is evident from a study of Table VI that there is a  greater ten- 
dency for animals on the cooked diet to develop anemia than is the 
case with those receiving raw meat.  Thus  in the latter group no 
change  in  the  blood  picture  was  evident  in  one  animal  while  in 
the other three with moderate anemia, the hemoglobin did not fall 
below  75  or  the  red  cells  much  below  5,000,000.  On  the  other 
hand  in  the  group  receiving cooked meat  both  showed  a  marked 
change in the blood picture and in one a hemoglobin content as low. 
as 6I.  As in all our previous studies the hemoglobin decrease is rel- 
atively greater than the fall in red cells.  That the amount of pro- 
tein given in the raw food is not an important matter is seen by con- 
trasting Dog 53 on a high nitrogen diet with Dog 5  °  on a low nitro- 
gen diet.  In these two animals the calories of the diet were main- 
tained by varying the amount of fat.  The difference in the degree of 
anemia is negligible.  In connection with the problem of the influence 
of cooked diet, it is noteworthy that Dog 56, which served as a control 
to Dog 52  for four months before it was splenectomized, and was 
for all this time on a cooked diet, showed during this time a  falling 
off in the hemoglobin content of its blood.  Moreover this  animal 
was the only one showing a  persistent loss of weight after splenec- 
tomy.  Definite  conclusions  cannot  be  drawn  from  such  a  small 
number of experiments, but the fact that splenectomized animals on 
cooked beef develop an anemia of a  degree more closely approach- 
ing that of animals on the usual kennel diet,  which is  essentially a 
cooked diet, while animals on a  raw diet have a  less severe anemia, 
suggests that heat destroys something in the diet which in the ab- 
sence of the spleen tends to  cause anemia.  In view,  however,  of 
the xelatively slight d'ifferences which we have  found, experiments 
on a 1.arge number of animals on diverse diets must be made before a 
final decision is  reached.  Such  observations  are now  in  progress 
and we hope later to amplify this statement of the influence of diet. 692  Relation  of  Spleen  to  Blood  Destruction. 
SUM~IARY. 
The anemia  which develops after splenectomy is most marked  in 
animals  on  a  mixed  table  scrap  diet  of  meat,  bread,  cereals,  and 
vegetables,  which  is  essentially  a  cooked  diet.  Control  studies  in 
which  a  unilateral  nephrectomy precedes  splenectomy  demonstrate 
that  the  anemia  is  not  due  to  operation,  hemorrhage,  or  accidents 
of  convalescence  but  develops  only  in  the  absence  of  the  spleen. 
The  results  of  studies  of  the  influence  of  food containing  a  large 
amount of iron in p resumarbly easily utilizable  form, as  in  raw beef 
spleen,  do  not  support  the  view  that  the  anemia  is  due  to  lack  of 
iron  in  the  food.  Observation  on  the  influence  of  a  diet  of  raw 
meat  as  contrasted  wil~h cooked meat  shows  a  more  severe  anemia 
in animals  on the cooked diet and suggests the possibility that  heat 
alters  some substance which,  in the absence  of the  spleen,  the body 
cannot  utilize.  A  final  conclusion  in  regard  to  this  point  must, 
however, await the results of more detailed studies now in progress. 
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